Here we describe the expression pattern of the Na-K-2Cl-cotransporter NKKC1 during embryonal and early postnatal mouse development. During early stages hybridization signals were detected over single cells of the developing neuroepithelia, whereas the neuroepithelium of the basal telencephalon was labeled continuously. With ongoing differentiation a distinct pattern of hybridization became apparent, which switched from a neuronal to a more glial pattern in the adult. Outside the nervous system NKCC1 transcripts were present in many organs and were mostly con®ned to epithelia. q
Results
The Na-K-2Cl-cotransporter (NKCC) maintains intracellular chloride concentration at levels above the predicted electrochemical equilibrium, which is used by epithelial tissues to promote net salt transport and by neural cells to set synaptic potentials. Two isoforms of the Na-K-2Cl-cotransporter protein are currently known. Whereas NKCC2 seems to be exclusively expressed in the kidney, NKCC1 was found in a variety of adult organs including the central nervous system (CNS). It was postulated that immature neurons depolarize in response to GABA A receptor activation as a consequence of active Cl 2 accumulation via NKCC1 (Clayton et al., 1998) . With maturity, intracellular Cl 2 decreases resulting in a shift towards GABA A inhibition. Apart from deafness and imbalance (Delpire et al., 1999) , NKCC1-de®cient mice might have an impairment of sensory perception (Sung et al., 2000) , a failure of spermatogenesis (Pace et al., 2000) , impaired epithelial Cl 2 secretion (Flagella et al., 1999) , and a severe impairment of salivation (Evans et al., 2000) . In the present study, we mainly focus on how the adult expression pattern of NKCC1 is established in the developing mouse CNS.
Indeed, NKCC1 transcripts were detected in the developing CNS as early as embryonal day (E) 12.5, when expression was observed in scattered cells of the neuroepithelium (Fig.  1A±C ). The proliferative zone of the ganglionic eminence and a small area at the base of the third ventricle were prominently labeled (Fig. 1B) . This expression pattern disappeared during further ontogenesis (Fig. 1E ,F,H). Starting at E15.5 signals were detected in the developing hippocampal formation ( Fig. 1F ), which declined towards postnatal day (P) 3 (Fig. 1L ). In the cerebral cortex labeling was weak at E15.5 (Fig. 1E,F) and became more intense towards P3 (Fig. 1K,L) . In the adult CNS NKCC1 transcripts mainly showed a glial expression pattern with diffuse signals along the large ®ber tracts as the anterior commissure, the corpus callosum or the internal capsule (Fig. 1N,O) . The epithelia of the developing cochlea expressed NKCC1 throughout development (Fig.  1J,L) . Expression was also seen in the cochlear/vestibular nerve and in parts of the central auditory pathway including the trapezoid body (Fig. 1J ) and the geniculate nucleus (Fig.  1F) . At all stages investigated, NKCC1 transcripts were detected in the peripheral nervous system as dorsal root ganglia (Fig. 2C ) and the trigeminal ganglion (Fig. 1F,H,I ,K). Signals were also present in the olfactory epithelium (Fig.  1E) . The hybridization signals observed at E12.5 at the choroid plexus increased with ongoing development (Fig. 1D ,G± M) and were maintained in the adult (Fig. 1N,P) .
Outside the nervous system NKCC1 transcripts were detected abundantly in a variety of epithelia as well as in connective tissue (Fig. 2) . In the developing heart at E12.5 strong signals were observed ( Fig. 2A) , however, they were almost absent during later embryonal stages (Fig. 2C) . In the E-mail address: chuebner@zmnh.uni-hamburg.de (C.A. Hu Èbner). Fig. 1 . NKCC1 expression shifts from a neuronal to a more glial pattern during maturation of the CNS. Dark®eld photomicrographs of coronal head sections at E12.5 (A±D), E15.5 (E±G), E18.5 (H±J), postnatal day 3 (K±M), and adult brain sections (N±P) counterstained with Giemsa are shown. Ac, anterior commissure; aq, aqueduct; c, cerebral cortex; cb, cerebellum; cc, corpus callosum; co, cochlea; cp, choroid plexus; ey, eye; ge, ganglionic eminence; gl, granular cell layer; gn, geniculate nucleus; hi, hippocampus; ic, internal capsule; ml, molecular layer; mo, medulla oblongata; o, olfactory epithelium; st, striatum; tg, trigeminal ganglion; th, thalamus; tz, trapezoid nucleus; lv, lateral ventricle; III, IV, third and fourth ventricle.
lung expression was seen at E12.5 and persisted to E18.5 (Fig. 2B,C) . Prominent expression was also detected in the mucosa of the intestine and colon (Fig. 2D ) and in the cortex of the kidney (Fig. 2E) . Strong hybridization signals for NKCC1 were additionally found in developing teeth (Fig.  2F ,G) and the developing intervertebral disc (Fig. 2H ).
Experimental procedures
In situ hybridization on embryos from natural matings of CD-1 inbred mice and adult mice were performed as described (Susens et al., 1997) . Antisense RNA probes labeled with [a-35 S]UTP were generated with T7 polymerase from a linearized mouse cDNA subclone (nucleotides 615±1206 corresponding to amino acids 163±360) according to the manufacturer's instructions (Ambion). Signals were not observed using the sense control. Fig. 2 . Expression of NKCC1 outside the CNS. Signals were detected in a variety of epithelia as well as in connective tissue. Sections through embryos at E12.5 (A,B), E15.5 (E,F,H), E18.5 (C,D), and postnatal day 3 (G) are shown as dark®eld photomicrographs. a, atrial cells; ad, adrenal gland; bl, bladder; bo, bone; br, bronchi; dp, dental papilla; drg, dorsal root ganglia; g, gut; ki, kidney; oe, outer enamel epithelium; r, rectum; t, trachea; v, ventricle.
